SUMMARY. Haemogamasinae/Laelapidae mites (Haemogamasus hirsutus, H. nidi and Eulaelaps stabularis) collected Irom nests of the mole (Talpa europaea) contained developmental stages (isosporan-type oocysts and independently developing macro-and microgametocytes) of a coccidian. These stages were observed in the haemocoele of living infected mites, in wet preparations of crushed mites, and in histological sections of paraffin wax embedded mites. They included both unsporulated and sporulated oocysts; sporulation of the oocysts occurred within the mite. Descrip tions of the sporogonic and gamétogonic stages of this coccidian are given and compared with the suborders Adeleina and Eimeriina which either have developmental stages in invertebrates, isosporan-type oocysts or have been reported to be mechanically (passively) transmitted by mites. The possibility of the haemogamasid mites being the vector of Elleipsisoma thomsoni or other coccidian parasites is also discussed.
Introduction
Developmental stages (of sporogony and gametogony) of a coccidian were observed in Haemogamasinae/Laelapidae mites collected from nests of the mole ( Talpa europaea). In the sporogonic stage, isosporan-type oocysts (both unsporulated and sporulated) were seen, while in the gametogonic stage, independently developing macro-and microgametocytes were observed.
In the moles ( Talpa europaea) with which the haemogamasid mites were associated and from whose nests they were collected, Elleipsisoma thomsoni Franca (1912) , an apicomplexan parasite in the red blood cells of the mole was reported (Mohamed & Molyneux, 1984) . In the life cycle of E . thomsoni only the stage in the red blood cells (with merogony in the red blood cells in the lungs) is definitely known (Franca, 1912) .
This paper presents the first descriptions of the sporogonic and gametogonic stages of the coccidian in the mite, discusses the possibility of the stages of the coccidian in the mite being those of E. thomsoni and the potential role of mites as vectors.
M aterials and m ethods

Mites
Mites Haemogamasinae/Laelapidae were collected by hand or Berlese funnel from nests of the mole (T a lp a europaea). They were examined under the light microscope either intact or crushed in normal saline. Samples of the infected mites were kindly identified by Professor A. Fain, Institut Royal des Sciences Naturelles de Belgique, Antwerp. The infected mites all belonged to the subfamily Haemogamasinae Oudemans, 1926 , family Laelapidae Berlese 1892 and were the following species:
Haemogamasus hirsutus (Berlese, 1889) . Haemogamasus n idi (Michael 1892) . Eulaelaps stabularis (Koch, 1836) .
Histological sections
Samples of mites from the nests found to contain infected mites were processed for histology. They were paraffin wax embedded and section s5-10 μm thick were cut, stained with Giemsa-Colophonium (Bray and Garnham, 1962) and examined under the light microscope (Leitz, Dialux).
Measurement of Parasites
The measurement of oocysts in the wet preparation and the gametocytes in the stained histological sections were made with a calibrated ocular micrometer (mag x 250).
Infectivity
About 0.1-0.2 ml of normal saline containing sporulated oocysts, from the mites, was inoculated intraperitoneally into each of 4 mice (BK/SWR strain) and 6 field voles (laboratory-bred, 4 week-old, Microtus agrestis); before inoculation all animals were checked for coccidia in their faeces and were found to be negative. Inoculated animals were checked daily for 6 weeks by wet preparations and Giemsa-stained smears of the tail blood and by faecal examinations.
Results
Wet preparations
Of 133 mites (H. hirsutus, H. nidi and E. stabularis) crushed in normal saline, 10 (7.5 %) were found infected with a coccidian; oocysts (both unsporulated and sporulated) were present in all three mite species.
The oocysts were of one particular type which was elliptical in shape, sur rounded with a smooth double-layered wall, without a micropyle, polar granule or oocyst residuum. The oocysts measured 30-35 x 25-30 μm (mean 33.85 x 28.45 μm ; ± 2.08 x ± 2.24) (n. = 20) and contained a granular cytoplasm which filled the whole volume of the oocyst (fig. 1a) . Sporulation of the oocyst took place within the mite and oocysts with two sporoblasts or others with two sporocysts were observed ( fig. 1, b-c) .
The fully sporulated oocyst contained two sporocysts, each with four sporozoites ( fig. 1, d-f ). The sporocysts were ellipsoidal with no stieda or substiedal bodies but with a granular sporocyst residuum. The sporocysts measured 27-29 X 14-20 μm (mean 27.5 x 14.5 μm ; ± 1.27 x ± 1.70) (n. = 20). The sporozoites were banana-shaped, slightly tapering at one end ( fig. 1, d (inset)) and measured 15-18 x 4-5 μm (mean 16.0 x 4.7 μm; ± 1.6 x ± 0.41) (n. = 10).
Observations of living infected mites under saline revealed oocysts to be free and circulating in the haemocoelic fluid ( fig. 2 ).
Histological sections
In histological sections of the mites, both gametogony and sporogony of this parasite were seen.
The macro-and microgametocytes developed separately in the haemocoele and in the fat cells of the mite (fig. 3 ). The macrogametocytes were spherical and mea sured 20-25 x 15-20 μm (mean 20.2 x 16.0 μm; ± l.O x ± 1,2(n. = 10). They had a single centrally located nucleus and the cytoplasm contained various cellular elements including the wall-forming bodies which were more easily seen in the mature macrogametocytes (fig. 4) . The mature microgametocytes were mostly ovoid to ellipsoidal and measured 20-25 x 15-20 μm (mean 21.5 x 17.5 μm; ± 0.71 x ± 0.8) (n. = 6). In the immature microgametocytes there were many fragmented nuclei in the cytoplasm (fig. 5 ) which subsequently became spherical or elliptical in the mature microgametocytes and gradually oriented towards the periphery of the limiting membrane (fig. 6) , forming the nuclei of many developing microgametes.
Histological sections also revealed oocysts (both unsporulated and sporulated) developing extra-intestinally in the haemocoele of the mite (fig. 7) ; a few free sporozoites were also observed (fig. 8 ).
Infectivity
None of the animals inoculated with the parasites in the normal saline became infected.
Discussion
Mites, ticks, sucking lice, fleas, various mosquitoes and sandflies have been proven or are suspected as vectors of Hepatozoon species (Hoogstraal, 1961) . Hoogstraal (loc. cit.) reported the development of sporogonic stages of Hepatozoon balfouri of jerboas (Jaculus spp.), in the mite, Haemolaelaps aegyptius while Fur man (1966) described both early and late sporogonic stages of that parasite, in the mites, Haemolaelaps longipes and Haemolaelaps centrocarpus.
The mite Haemogamasus reidi (= Echinolaelaps echidninus) has been reported to be the invertebrate host of Hepatozoon muris of rats (see review by KillickKendrick, 1974) ; all stages of sporogony were seen in the mite. The sporogony of Hepatozoon griseisciuri of the grey squirrel has also been described in Haemogamasus reidi and in Euhaemogamasus ambulans (Clark, 1958; Redington and Jackowski, 1971) .
The genera Hepatozoon, Haemogregarina and Karyolysus make up the apicomplexan family Haemogregarinidae of the suborder Adeleina (Levine, 1973a; Levine et al., 1980) . In the life-cycle of these genera merogony occurs in the internal organs of a vertebrate host, gametogony in red or white blood cells (also in the vertebrate host) and sporogony in an invertebrate (Landau, 1973) . Sporulation of the genera Hepatozoon and Karyolysus takes place in a large cyst forming numerous sporocysts, while in the genus Haemogregarina small oocysts produce sporozoites without sporocysts (Ball, 1967; Manwell, 1977; Nadler & Miller, 1984) . The macroand microgametocytes of these genera are usually associated in syzygy (i. e. they lie up against each other) during development (Levine et al., 1980) and micro gametocytes produce 1-4 microgametes.
The parasite seen in the mites (H. hirsutus, II. nidi, E. stabularis) from moles is clearly different from the above genera (H epatozoon, Haemogregarinct, K a ryoly su s) on the basis of its sporogony (oocysts produce two sporocysts, each with four sporozoites) and gametogony (macro-and microgametocytes develop inde pendently; microgametocytes produce many microgametes).
In the suborder Eimeriina, of the phylum Apicomplexa, Levine (1973b) reported th a t only the genera Isospora and T oxoplasm a (together with related genera of the family Sarcocystidae: Sarcocystis, Frenkelia, H am m ondia, B esnoitia, Cystoisospora) have two sporocysts with four sporozoites each, as are seen in this parasite.
Isospora parasites are normally homoxenous occurring in the intestine of the vertebrate host; T oxoplasm a (and related genera) are heteroxenous (or sometimes homoxenous) occurring in the tissue of one host and the intestine of the other (or sometimes in both the tissue and intestine of the same animal) (Levine, 1978) . To date, neither Isospora nor Toxoplasm a (and related genera) have been reported to be transmitted or to develop in invertebrate hosts (see review by Frenkel, 1974) . The oocysts and sporocysts of Isospora species measure 12-43 x 10-33 μm and 9-27 x 6-24 μm respectively; those of Toxoplasm a (and related genera) measure 11-14 x 9-11 μm for the oocysts and 8.5-17 x 6-13 μm for the sporocysts (see review by Frenkel, 1974; Frenkel, 1977; Dubey, 1977; Levine, 1978; Tadros & Laarinan, 1982; Smith, 1982; Lee, Hutner and Bovee, 1985) .
The genera Lankesterella and Schellackia of the suborder Eimeriina, family Lankesterellidae, which parasitize birds and amphibians are passively transmitted (i. e. without development) by invertebrates (mites or leeches) (Levine, 1973b) ; oocysts produce 32 or more naked sporozoites (without sporocysts) in Lankesterella and 8 naked sporozoites in Schellackia. Both these genera are clearly different from this parasite.
The parasite, in this study, has an isosporan-type oocyst and sporocysts, which are within the measurement range of the genus Isospora but since, to date, none of the known species of Isospora have been reported to have developmental stages in an invertebrate it is possible th at the gametogony and sporogony of the isosporan-type coccidian seen in the mite are the missing developmental stages of E . thomsoni. The stages of E . thomsoni in the mole could be the asexual stage of this isosporan-type coccidian which may have extraintestinal development as has been reported in some Isospora (Box, 1981) . E . thomsoni is clearly different from all known blood parasites of insectivores, rodents and bats (Mohamed & Molyneux, 1984) . This is the first report of an isospo ran-type coccidian in mites (H . hirsutus, H . n id i and E . sta b u la ris). It is possible th a t haematophagous mites become infected with E . thomsoni from the peripheral blood of moles and th at gametogony and sporogony take place in the mite with the transmission of the infective sporozoites to the mole by ingestion (of the mite) or by inoculation (by bite of the mite). If this is the case, E . thomsoni has a typical sporozoan life cycle of three-phases ( fig. 9 ) . A c k n o w led g m en t. -The financial assistance of the European Development F und to Somalia for H. A. Mohamed is gratefully acknowledged. W e also th an k Professor A. Fain, In stitu t Royal des Sciences Naturelles des Belgique, Antwerp, for kindly identifying the infected mites.
